We present for discussion a case of a right displaced proximal metaphyseal tibial fracture with intraarticular extension and a samelevel proximal fibula fracture with severe degenerative arthritis in a medically complex 89 year old community dwelling woman with a history of paroxysmal atrial fibrillation, right lower extremity deep venous thrombosis 1 month prior to this admission on warfarin, obesity, peripheral vascular disease, and previous stroke. Her course is complicated by demand-mediated myocardial infarction. This case demonstrates that comanagement can lead to minimal delays and a satisfactory outcome in a complex, high-risk patient.
Introduction
The following case presentation is the first in a series of discussions. The goal of this case series is severalfold: first, to illustrate the complex nature of patients who present with fragility fractures; second, to demonstrate how experts from different disciplines think about these patients; and third, to start discussion on different approaches where there is no ''clear'' answer. For each case, we will have experts from different disciplines discuss the case retrospectively, drawing from clinical experience and the literature where available. A summary of the discussion points for this case is listed in Table 1 .
Emergency Department Presentation
The patient is an 89-year-old widowed woman who lives alone in her own house. She has a history of paroxysmal atrial fibrillation, right lower extremity deep venous thrombosis (DVT) 1 month prior to admission for which she takes warfarin, obesity, and previous stroke. She develops dizziness while cooking and loses consciousness, sustaining a head contusion, right shoulder pain, and right proximal tibia pain. She is brought to the emergency department, where she is found to be in rapid atrial fibrillation. She is treated with intravenous diltiazem and converts to sinus rhythm. She denies chest pain, dyspnea, or palpitations.
Initial films include plain radiographs, and computed tomography (CT) of the right lower extremity shows a displaced proximal metaphyseal tibial fracture with intra-articular extension and a same-level proximal fibula fracture with severe degenerative arthritis of the knee (see Figures 1 and 2 ).
Comments on Emergency Department Presentation
Daniel Mendelson, MS, MD (Geriatric Medicine)-The differential diagnosis for her dizziness includes an acute episode of atrial fibrillation that could either cause or be caused by an acute coronary syndrome. This may be one of the rare instances where the patient has an acute coronary event that leads to a fall and fracture. In this instance, additional cardiac evaluation is completely appropriate even if it delays definitive care of the fracture. The differential includes other causes of cardiac syncope, neurological syncope, and orthostasis or hypotension. This may be a medical patient that happens to have a fracture rather than the typical circumstance of a fracture patient who happens to have significant but stable medical conditions. Anticoagulation will need to be expertly managed with considerations to her cardiac status including atrial fibrillation, history of DVT, and prior cerebral vascular accident. The head contusion in the setting of anticoagulation necessitates careful neurological evaluation. Additional consideration of b-blockade is also appropriate.
Stephen Kates, MD (Orthopedic Surgery)-The X-rays demonstrate a displaced proximal tibia fracture. The fracture itself is reasonably simple, but the medical situation is not simple. Initial immobilization in a splint is appropriate until the medical workup is completed. Treatment options would include open reduction and fixation versus a hinged arthroplasty to allow immediate weight bearing. This patient is medically complex and a simpler procedure is desirable. Simple immobilization will not be a good long-term solution as she will be confined to bed. It will be essential to medically comanage this patient with the geriatrician and cardiologist. The team will need to thoroughly discuss plans for management. This patient sounds too medically decompensated for immediate surgery due the rapid atrial fibrillation. She will need to be admitted to a monitored bed. I am concerned she has had a cardiac event.
Jason Pacos, MD (Cardiology)-She has known atrial fibrillation and is appropriately anticoagulated with warfarin, given her risk factors. Patients with atrial fibrillation are prone to tachyarrhythmias from atrial fibrillation, as well as bradyarrhythmias due to intrinsic conduction disease or as a complication of medications. I suspect that in this case, tachyarrhythmia is the problem and the cause of her syncope. Her initial blood pressure is not mentioned and provides additional important reverse anticoagulation for surgery, and the degree of reversal depends in part on the procedure being performed. 4. Anticoagulation can preclude the ability to use regional anesthesia, though this approach is often preferred for this patient population. 5. Not all patients can be made weight bearing as tolerated, though this should always be the goal. 6. Comanagement can lead to minimal delays and a very satisfactory outcome in a complex, high-risk patient.
information. Additionally, it is important to obtain her home medications, as they may provide further important information. Lastly and likely least importantly, she needs to be evaluated for ischemia or acute coronary syndrome as the cause of her syncope. This is rather unlikely in this scenario, as there are no ischemic symptoms, that is chest pain or heart failure symptoms. Nathan Clark, MD (Anesthesiology)-When I first hear about a patient, I am most concerned with things that will alter my usual anesthestic plan of care, or cause me to delay surgery in order to obtain further testing, information, or optimization. First, why did she lose consciousness? Acute coronary syndrome? Arrhythmia? Stroke? Pulmonary embolism? Severe valvular disease? Second, what is her current level of anticoagulation? Third, what is the extent of her injuries? C-spine? Intracranial injury? Other injuries?
Past Medical History
The patient's past medical history is significant for stroke, paroxysmal atrial fibrillation, mild bilateral internal carotid artery stenosis, peripheral vascular disease, chronic gout, hypothyroidism, and osteoarthritis. She had a syncopal episode in 2006 and was diagnosed with atrial fibrillation at that time. She has a history of a meningioma on magnetic resonance imaging (MRI) without bleed or infarct. She was diagnosed with a right lower extremity DVT 1 month prior to admission after experiencing pain for 3 months following a fall.
The patient is on amlodipine, levothyroxine, valsartan, allopurinol, warfarin, and hydrochlorothiazide.
She is widowed, lives alone, and has 5 children. She ambulates with a rolling walker at baseline. She denies alcohol, tobacco, or other drug use.
Review of systems is significant for being severely hard of hearing.
Comments
Dr Mendelson (Geriatric Medicine)-Her hearing difficulty is a major risk factor for delirium in the hospital. Anticoagulation must be carefully managed around surgery with consideration of the fact that she will require anticoagulation postoperatively, so that intramuscular or subcutaneous vitamin K should be avoided, as we do not want her to be warfarin resistant postoperatively; intravenous or oral route of administration of vitamin K is generally preferred. The fact that she required a walker premorbidly suggests that she has a residual deficit from her previous stroke, so one can safely assume this will have an impact on her recovery from her current injury. Her prior history of cerebrovascular events and carotid stenosis suggests that neurological causes of dizziness and syncope need to be considered and may necessitate additional evaluation and management. The lack of support at home suggests that she will need subacute rehabilitation at a nursing home and may have additional difficulties transitioning back to home. She is on several medications that can affect renal function and volume status.
Joanne Wu, MD (Physical Medicine and Rehabilitation)-When I anticipate implementing a successful rehabilitation program, I want to know several things about the patient's baseline. What was her previous functional level? What was her home setup? Did she require any assistance at home? Did she have a history of falls? Did she require any ambulatory devices for safe ambulation? Did she require any other types of devices to keep her safe at home? This may include an emergency button that allows her to receive help sooner to rescue her from a fall, medication aides to remind her to take necessary medications should she have residual cognitive deficits from her stroke, and meal services to keep up her nutrition level if she is unable to cook for herself regularly at home. Several elements of her past medical history could impact her rehabilitation course. These include the location of her stroke and her residual deficits, both cognitive (which can affect her ability to take medicines accurately) and physical (her risk of falls). In addition, there may be additional chronic musculoskeletal and neurologic conditions that affect her function, range of motion, and pain burden such as gout and meningioma. Other differential diagnosis at onset of presentation could include seizures from this meningioma or new stroke and depending on where gout affects her, she could have a more prolonged rehabilitation course as she may be limited by pain at those joints.
Dr Clark (Anesthesiology)-There are several areas that will require further information prior to proceeding with surgery, as this information may change my anesthetic care. First, does she have any residual neurologic deficits from her prior stroke? Second, how well controlled is her atrial fibrillation? Does she experience any significant palpitations? Third, what is the status of her meningioma and is there any concern for increased intracranial pressure? Fourth, again, what is her level of anticoagulation?
Dr Pacos (Cardiology)-I note that she is not on any rate controlling medications (b-blocker or calcium channel blockers) and that she has a history of paroxysmal atrial fibrillation with syncope. I find this unusual and it increases my suspicion for possible bradycardic complications in the past.
Initial Examination
On initial examination, she is in no acute distress. She is 5 ft 1 inch, and 225 pounds (BMI ¼ 42.6). Blood pressure is 130/70, heart rate is 60, respiratory rate is 20, temperature is 35.9 C, and O 2 saturation is 99% on room air. She is alert and oriented X 3. Head, eyes, ears, nose, and throat examination shows an occipital scalp hematoma, heart rate is regular, lungs are clear, and abdomen is benign. Active and passive range of motion of the upper extremities is full, with intact musculature strength. Distal neurologic and vascular examination is normal. Skin is intact, no lymphadenopathy. She has some mild ecchymosis over the proximal shoulder. Pelvis is stable to anteroposterior and lateral compression with no pain over the pelvic brim, pubic symphysis, or anterior superior iliac spine (ASIS). Hip range of motion is full, not painful. Range of motion of the knee is extremely painful, with crepitus at the fracture site. She is nontender over the distal femur. Patella exhibits limited mobility due to pain. She has tenderness and swelling over the proximal tibia with some mild ecchymosis. Calf is soft and nontender. She has 2þ dorsalis pedis and posterior tibial pulses. Tibialis anterior, extensor hallucis longus, and gastrocsoleus exhibit intact strength. She is unable to straight leg raise against resistance due to her fracture. Skin is intact. No lymphadenopathy. Deep tendon reflexes are 2þ. No venous stasis skin changes are noted.
Comments
Dr Kates (Orthopaedic Surgery)-This is becoming a common presentation, the morbidly obese elderly patient with a fracture. This appears to be an isolated injury. The patient's size will make it challenging to brace this injured extremity.
Dr Mendelson (Geriatric Medicine)-She is rate controlled in spite of the probable significant adrenergic drive from the pain of the fracture. Her blood pressure is surprisingly low. This may be due to initial management with diltiazem. She is tachypneic which is consistent with her being in pain. Elderly obese patients may still suffer from relative malnutrition and sarcopenia; the loss of adequate muscle mass can complicate recovery and rehabilitation.
Initial Evaluation
Original electrocardiograph (EKG) shows atrial fibrillation at a rate of 127, with up to 3 mm ST depressions in V2 to V4.
Chest radiograph shows no acute disease. Head CT shows a small occipital scalp hematoma, old meningioma that is unchanged, and no other acute intracranial hemorrhage or subdural collection. Cervical spine CT shows degenerative changes but no subluxation or fracture.
Pertinent laboratories include a white blood cell (WBC) count of 13.9, hematocrit of 39, and platelets of 325. Blood urea nitrogen (BUN) and creatinine (Cr) are 14, and 0.64, respectively. Initial troponin T is <0.01 but rises to 0.18 12 hours later and peaks at 0.24 in 17 hours. Initial international normalized ration (INR) is 2.5. Urinalysis shows 0 to 5 WBCs and no bacteria.
Comments
Dr Kates (Orthopaedic Surgery)-Warfarin should be reversed promptly to reduce bleeding at the fracture site. The open bony metaphysic of the tibia has a rich blood supply and can bleed considerably when the patient is anticoagulated. The STsegment depression will require assessment by geriatrician or a cardiologist to see whether additional preoperative optimization is needed. When warfarin is reversed, this patient would be more likely to develop a DVT and perhaps a venous ultrasound would be a consideration.
Dr Wu (Physical Medicine and Rehabilitation)-A physical medicine and rehabilitation consult will help determine the goals of function in the short term, which is to maintain bedside restorative range of motion daily, with upper body strengthening exercises to prepare for the likelihood of wheelchair mobility needs after her fracture repair. Her right shoulder did not have fracture, but she did have pain on initial presentation; is there a need for a sling or is it just a contusion? We want to make sure that we keep her upper body as strong as possible prior to and after surgical treatment of her lower body fracture. With her cardiac event, a strengthening program can be delayed but daily range of motion to prevent contractures would be essential, and the patient can be seated up at the edge of the bed to encourage good ventilation and prevent atelectasis. The family should be made aware of rehabilitation goals for the short and long term, as the patient may need to have more help at home or require a different setting to return to immediately after discharge from her inpatient stay and from short-term rehabilitation should her home setup not be cooperative (ie, ramp for wheelchair, space for wheelchair to move around in the home, inability to move around independently with a brace and wheelchair safely.) If these discussions are not shared with social work and family early, there may be differing expectations on discharge plans and rehabilitation settings, which can be often confusing and frustrating for all parties.
Dr Mendelson (Geriatric Medicine)-She at least has fixed coronary disease and there is still concern for acute coronary syndrome which deserves further attention. The rise in troponin T suggests acute myocardial injury which may be either demand mediated or due to thrombus or plaque rupture resulting in acute coronary syndrome. Serial troponins and EKGs should be obtained; an echocardiogram is appropriate to assess her current cardiac function. The slightly elevated WBC count may be due to a stress reaction from the fracture or ischemia; there does not appear to be a significant infectious source. The relatively normal BUN and Cr should be evaluated in the setting of her age; the ratio of BUN to Cr is more than 20, suggesting prerenal azotemia; calculated creatinine clearance is less than 40 milliliters per minute, so renal toxins should be avoided and medications may need to be adjusted for renal function. Gentle hydration is appropriate. We often avoid head CT in the absence of focal neurological changes, but given full anticoagulation, dizziness, and head trauma, it is the standard of care to image.
Dr Clark (Anesthesiology)-The results of her head and cspine CT scans are reassuring. However, I'm very concerned with 2 of her laboratory results. First, her increased troponin levels indicated myocardial injury. Second, her hematocrit is on the high side of normal in the setting of a fracture. As essentially all fractures bleed, she is most likely currently intravascularly volume depleted and requires fluid resuscitation.
Preoperative course
When the patient rules in for myocardial infarction, a follow-up EKG and echocardiogram are ordered. Electrocardiograph shows sinus rhythm at 60 with 2 premature atrial contractions and resolution of the ST depressions. Echocardiogram shows mild concentric left ventricular hypertrophy with normal systolic function, an estimated ejection fraction of 55% to 60% and grade I diastolic dysfunction. An ultrasound is obtained to assess for DVT. The left leg is negative, and the right leg is negative in the superficial and common femoral veins. The popliteal vein cannot be evaluated on the right, due to the patient being unable to bend her leg.
A Cardiology consult is obtained.
Comments
Dr Mendelson (Geriatric Medicine)-Cardiology consultation is appropriate, given the constellation of findings; however, the findings are most consistent with a demand-mediated event rather than ongoing ischemia. The clinical scenario suggests that aggressive medical management of her cardiac status and proceeding with surgery is appropriate as this in an urgent and not an elective procedure. Stabilization of the fracture is important for pain control which is sympatholytic. Stabilization also decreases bleeding. Dr Pacos (Cardiology)-She is an 89-year-old female with known peripherial vascular disease, which is a coronary equivalent. It is not surprising to me that she developed ischemic changes on her EKG with a heart rate of 130 bpm. It is reassuring that the ischemic changes resolve with rate control and her echocardiogram demonstrates normal left ventricular function. She does have a small troponin elevation consistent with a non-ST-elevation myocardial infarction (NSTEMI), however, the time frame of her troponin elevation clearly correlates with her rapid atrial fibrillation event. She has no evidence of heart failure or unstable arrhythmias that would benefit from revascularization, at this time.
Dr Clark (Anesthesiology)-According to the 2007 and 2009 American College of Cardiology/American Heart Association (ACC/AHA) perioperative guidelines, this patient has 2 of the 4 conditions that warrant cardiology consultation prior to proceeding with surgery. Her initial EKG showing atrial fibrillation with rapid ventricular response is an unstable arrhythmia. Her elevated troponins indicate myocardial injury, either acute coronary syndrome or, more likely, non-ST-elevation myocardial infarction. Therefore, a cardiology consult is warranted. For completeness, the other 2 conditions are decompensated heart failure and severe valvular disease. Her echo is very reassuring as is the normalization of her EKG.
Additional preoperative course
The cardiologist feels that the non-ST-elevation myocardial infarction is a demand-mediated event due to her rapid atrial fibrillation. He states that she is at high risk for surgery but does not think that revascularization would change her risk and that her surgery is ''semi-emergent,'' given her injury. He recommends that her medical therapy is optimized with a b-blocker and ''statin'' and states that, if need be, amlodipine can be decreased or discontinued to allow titration of the b-blocker. The situation is discussed with the patient and her family, and they are in agreement with the proceeding.
She is transfused with 4 units of fresh frozen plasma for a follow-up INR of 2.8.
Comments
Dr Pacos (Cardiology)-Her surgical cardiac risk is high, by definition, as she has a recent NSTEMI with associated elevation of biomarkers and greater than 1 mm of ST depressions. Orthopedic surgery is defined as intermediate risk surgery with a reported cardiac risk of 1% to 5% per the ACC/AHA 2007 perioperative guidelines. Therefore, she is at high risk for an intermediate risk surgery. There is a class I recommendation for revascularization with coronary artery bypass grafting (CABG) or percutaneous coronary intervention (PCI) for coronary revascularization before noncardiac surgery in patients with NSTEMI with associated high risk features. She has high risk features of her age >75, ST changes >1 mm, and positive biomarkers. However, revascularization is not straightforward in her case. The least invasive option, percutaneous intervention with stents would require a minimum of 4 weeks with dual antiplatelet therapy with aspirin and clopidogrel. This would either significantly increase her risk of perioperative bleeding or delay her surgery 4 weeks. CABG would require a long recovery period which would be further inhibited by her leg injury and is not a reasonable option in this case. I suspect that she does have coronary artery disease based upon her age and risk factors. I am reassured in that she did not have anginal or heart failure symptoms prior to this presentation. I attribute her troponin elevation and EKG changes to her rapid heart rate and increased myocardial oxygen demand. Therapy should be focused on decreasing her demand, rather than revascularization, at this time.
Initiation and titration of b-blocker is recommended with the 2009 ACC/AHA guidelines, given her known coronary artery disease and high surgical risk. Furthermore, I think that b-blockers are imperative in this case as her ischemia was due to tachycardia. I would initiate b-blocker therapy and titrate with a goal heart rate of <60 bpm. This should be continued in the perioperative and postoperative period. I would encourage the use of intravenous b-blockers in the intraoperative period if her heart rate was not at goal.
There is good evidence that statins are important in the acute setting of coronary artery disease and ischemia, as well as in the preoperative period.
Dr Mendelson (Geriatric Medicine)-I am in complete agreement with the cardiologist's assessment and recommendations. Oral or intravenous vitamin K should be administered in addition to fresh frozen plasma in order to reduce the INR. She is at high risk for surgery but little else can be done to reduce her risk other than volume and medication management. It is important to discuss this with the patient and family; proceeding is still probably lower risk than nonsurgical management.
Dr Kates (Orthopedic Surgery)-I think additional fresh frozen plasma is likely to be needed and oral vitamin K in a dose of 5 mg would be useful to reduce bleeding when the fresh frozen plasma is gone. She is a high-risk patient and will need a brief surgery. A target INR would be 1.5 or less.
Dr Clark (Anesthesiology)-I strongly agree with the cardiologist's recommendation regarding the b-blocker and statin. In addition, it is generally recommended in the anesthesia and perioperative medicine literature to hold all angiotensinconverting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs). This is due to the risk of profound intraoperative hypotension and acute kidney injury found in patients who take them preoperatively. Therefore, I would first stop the valsartan for the immediate perioperative period and immediately begin titrating in a b-blocker for optimum heart rate control. Then, if needed, her amlodipine can be given.
Surgery
The patient goes to surgery 24 hours after admission for open reduction internal fixation of the tibial plateau fracture with a 6-hole periarticular proximal lateral tibial locking plate with 8 locking screws under general anesthesia. There are no intraoperative complications and estimated blood loss is 200 cc. A limited proximal lateral tibial surgical approach is used to minimize soft tissue disruption.
Comments
Dr Kates (Orthopedic Surgery)-It is best to carefully preplan all of the steps in this procedure and to make sure that every single necessary implant and instrument is ready before this patient gets into surgery. I use a radiolucent table and image intensifier when performing this procedure. The surgical time must be kept brief as she is at very high risk for a perioperative complication.
Dr Clark (Anesthesiology)-General anesthesia is the best choice for this patient, given her high INR. The American Society of Regional Anesthesia consensus guideline states that an INR of less than 1.5 is needed to minimize the hematoma risk with regional anesthesia. However, if after the fresh frozen plasma, the INR can be documented to be 1.4 or lower, then regional anesthesia can be performed. Spinal anesthesia and a femoral nerve block would eliminate her need for a general anesthetic and postoperative opioids. This would significantly decrease her risk for postoperative delirium, optimize analgesia, and allow early mobilization. Epidural anesthesia and analgesia should be avoided given her recent DVT and need for immediate postoperative anticoagulation. Also, it is critically important to minimize anesthesia and surgery time in the high-risk patient.
Postoperative course
Postoperative films are shown in Figures 3 and 4 . Warfarin is restarted after surgery. The patient is bridged with full dose low-molecular-weight heparin postoperatively due to her high risk, given her recent DVT. This is continued until her INR is 2. She is monitored via telemetry and her heart rate remains controlled. Her hematocrit drops to 24, and she is transfused 1 unit of packed red blood cells. Total 25-OH vitamin D level is 29 ng/mL, and she is discharged on 1000 IU of ergocalciferol daily. She is discharged to rehabilitation on postoperative day # 4. She is advised to be nonweight bearing for a minimum of 12 weeks. She is given a customized brace for her right leg, with recommendation of follow-up by orthotics technician for adjustment as needed.
Comments
Dr Kates (Orthopedic Surgery)-Although we would prefer to ambulate such a patient for many reasons, the proximal tibial locking plates are not a weight-bearing device. Bracing with a customized brace was a good idea as the staff will tend to move the patient by lifting her legs and her arms. With the limited approach used and the nice reduction achieved by her surgeon, reliable healing should occur. I would not recommend full-dose anticoagulation for fear of significant postoperative bleeding into the anterior compartment of the leg.
Dr Mendelson (Geriatric Medicine)-Initial postoperative management is appropriate. Weight-bearing restriction makes rehabilitation much more challenging and will make the patient less attractive to rehabilitation facilities if there is competition for rehabilitation beds. Many elderly patients do not have adequate physical and/or cognitive function to reliably comply with partial weight bearing, though full weight bearing in patients like this is usually low demand. Ambulation without weight bearing on one side is difficult and requires much more energy, balance, and strength. She may need further management of osteoporosis to ensure adequate healing and secondary fracture prevention.
Dr Wu (Physical Medicine and Rehabilitation)-Short-and long-term goals of rehabilitation need to be established for this patient. It would be important to know whether the brace is locked in extension and how long the surgical team would like the patient to be non-weight-bearing in that limb. This would make home discharge for her very tough as energy expenditure for transfers for her body habitus and comorbidities is very high. Even though she may be allowed to ambulate with the nonaffected limb, it is difficult for most patients to do much more than standing, if the fractured limb is to be locked in an extension brace, so many patients will end up not walking the entire time the limb is in a brace. This makes gait training after weight-bearing restrictions are lifted even more difficult as both limbs would have deconditioned. She will need follow-up for her right shoulder after that fall as well (ie, Is it functionally limiting her now that she needs to use the limb more for transfers?). Postoperative pain management is also important as delirium from excessive medications or poorly controlled pain may be a risk. She needs to be engaged in a program that maximizes her upper body strength, maintain her range of motion of the upper extremities, dynamic core stability and balance. If her goal is to go home, a home evaluation by physical therapy would be important to keep her safe as fall risk is high. In addition, since the patient is on warfarin and has osteoporosis, the outcome of another fall may be poor with increased risk of mortality. Does she need a ramp? How much can the family help? She may need to have a skilled nursing facility level of rehabilitation, as she may only be covered for 10 to 14 days of acute rehabilitation, despite her comorbidities and immediate nursing needs. She will need outpatient physical and occupational therapy once the brace is off and weight-bearing restrictions are lifted or modified. This needs to be addressed with the patient and her family up front so that the patient does not expect that 12 weeks will be the total rehabilitation time for this procedure.
